The progression of gastroesophageal reflux disease (GERD) in patients who are taking proton pump inhibitors (PPIs) has been reported by several investigators, leading to concerns that PPI therapy does not address all aspects of the disease. Patients who are at risk of progression need to be identified early in the course of their disease in order to receive preventive treatment. A review of the literature on GERD progression to Barrett's esophagus and the associated physiological and pathological changes was performed and risk factors for progression were identified. In addition, a potential approach to the prevention of progression is discussed. Current evidence shows that GERD can progress; however, patients at risk of progression may not be identified early enough for it to be prevented. Biopsies of the squamocolumnar junction that show microscopic intestinalization of metaplastic cardiac mucosa in endoscopically normal patients are predictive of future visible Barrett's esophagus, and an indicator of GERD progression. Such changes can be identified only through biopsy, which is not currently recommended for endoscopically normal patients. GERD treatment should aim to prevent progression. We propose that endoscopically normal patients who partially respond or do not respond to PPI therapy undergo routine biopsies at the squamocolumnar junction to identify histological changes that may predict future progression. This will allow earlier intervention, aimed at preventing Barrett's esophagus.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) has been defined as a condition that develops when the reflux of stomach contents into the esophagus causes troublesome symptoms such as heartburn and/or regurgitation [1] . This primarily symptomatic definition is not a precise guide to the objective presence of disease. There is not always a clear correlation between reflux symptoms and objective evidence of the disease such as esophagitis or increased esophageal acid exposure on 24-h pH monitoring. Patients may have typical reflux symptoms in the absence of endoscopic esophagitis [referred to as non-erosive reflux disease (NERD)] [1] , or endoscopic esophagitis in the absence of typical reflux symptoms [2, 3] . In both situations, a 24-h esophageal pH monitoring study is required to confirm the presence of the disease.
In practice, it is common for primary care physicians to initiate treatment with a trial of proton pump inhibitors (PPIs) in patients with symptoms of GERD. If symptoms are relieved, the diagnosis of GERD is confirmed. However, studies have shown that the PPI trial has a limited ability to identify GERD, particularly if the patient presents with atypical symptoms [4, 5] . In the absence of a complete response to PPI treatment, the PPI dose is usually doubled [6] . If this does not lead to symptom resolution, a 24-h pH study, with or without impedance, should be performed in the absence of PPI treatment to determine whether or not the patient has GERD. Further increase in PPI dose or prescription of an alternative PPI is 176 WJGE|www.wjgnet.com Labenz J et al . Management of progressive GERD recommended in the event of a positive GERD diagnosis following pH monitoring [6] . This approach to the diagnosis and treatment of GERD has popularized the notion that patients whose symptoms persist under PPI therapy have not received a sufficiently high dose. The possibility of progression of GERD under PPI therapy is not commonly considered by physicians. Despite this, progression of GERD under therapy has been demonstrated by several clinical investigators [7] [8] [9] [10] , and has raised concern that PPI treatment may not address all aspects of the disease. The pathology of early disease is not fully understood because endoscopy is indicated only when PPI treatment is ineffective, and biopsy is not recommended in patients who appear endoscopically normal [6, 11] . This may prevent early identification of endoscopic risk factors for visible Barrett's esophagus (BE), the pre-malignant lesion of esophageal adenocarcinoma [12] . Furthermore, the structure and functional status of the lower esophageal sphincter (LES) in patients who have an incomplete response to PPI therapy is rarely evaluated, despite its important role in the disease [7] .
GERD PROGRESSION
Two scenarios have been proposed regarding the natural history of GERD. The first is that GERD can be categorized as either NERD or erosive reflux disease (ERD), and that patients remain in their diagnosed category [13, 14] . The second is that GERD is a spectrum disorder, with NERD at one end of the spectrum, and BE and esophageal adenocarcinoma at the other, with the possibility of disease progression over time [9, 15] . Current evidence appears to support the hypothesis that GERD is progressive, with several studies showing progression in cohorts of patients with different initial disease categorizations [8, 10, 15, 16] . One of the largest studies of GERD progression (the ProGERD study) involved 2721 patients from Germany, Switzerland, and Austria [8] . Patients were categorized endoscopically as having NERD or ERD, and those with ERD were further categorized based on Los Angeles (LA) classification grades (A-D) at baseline; patients with evidence of BE were excluded from the analysis of progression. Patients underwent an initial endoscopy followed by 4-8 wk of esomeprazole therapy. Maintenance therapy was then provided by each patient's primary care physician; patients were followed for 5 year during which they underwent repeat endoscopies. Progression to BE (confirmed by endoscopy and biopsy) was observed in 5.9% of patients with NERD, 12.1% of patients with mildto-moderate ERD (LA grade A/B) and 19.7% of patients with severe ERD (LA grade C/D). Overall, 10% of patients had progressed to BE by the end of the 5-year followup period, clearly demonstrating disease progression in a proportion of patients receiving PPI therapy. This study also established that although the treatment of GERD with PPIs can improve symptoms and heal erosive esophagitis, it does not appear to prevent progression to BE.
Pace et al [15] reported data from a study of 33 patients with NERD who were referred to a gastrointestinal clinic in Milan, Italy and followed for 10 year. Patients were endoscopically normal but had an abnormal 24-h esophageal pH at baseline (acid exposure > 5% GERD progression in patients undergoing PPI therapy has been shown to be related to a defective LES. In a study of 40 Swedish patients with GERD (confirmed by increased esophageal acid exposure on 24-h pH monitoring) who were treated with PPIs and followed up for 21 year, progression to BE occurred in 45% of patients (18/40) [7] . Manometric evaluation of the LES was performed at the beginning of the study and at the end of the follow-up period. Progression was associated with a significant reduction in mean intra-abdominal LES length on manometry (P = 0.01) and significantly greater esophageal acid exposure on pH monitoring (P = 0.004) than was observed in patients who did not experience disease progression. Furthermore, a trend towards increased use of PPIs and an increase in the number of patients who developed erosive esophagitis was observed over the 21-year period. These results implied that patients with a long duration of GERD were at risk of progression despite PPI treatment and that this was likely to be due to deterioration of the LES during the course of therapy. This study was the first to introduce this concept, which has since led to the prospective examination of LES function prior to PPI therapy in patients with GERD.
The concept that PPI efficacy decreases with increased damage to the LES, and with increased compromise in esophageal body function, has been corroborated in a prospective study of patients with GERD [17] . In this study, a defective LES was defined as LES pressure of less than 8 mmHg and/or abdominal length of less than 1.2 cm. If more than 20% of peristaltic contractions were ineffective, the esophageal body was regarded as being compromised. PPI failure, shown by the recurrence of symptoms or esophagitis, was reported in 7.7% of patients (2/26) with a normal LES and normal esophageal body, 38.1% of patients (24/63) with a defective LES and normal esophageal body, and 79.5% of patients (31/39) with a defective LES and a compromised esophageal body. These results strongly indicated that PPI therapy is less effective in patients with a defective LES than in those with a normal LES, and that a compromised esophageal body contributes further to PPI inefficacy.
In an effort to further understand the mechanical factors implicated in GERD progression, Lord et al [18] investigated the effects of distorted hiatal anatomy, the manometric condition of the LES, and esophageal exposure to acid and bile, on GERD severity. The study population comprised 39 patients with NERD, 42 patients with mild ERD (esophagitis that was healed with PPI therapy), 35 patients with severe ERD (esophagitis that persisted despite PPI therapy), and 44 patients with BE. All patients were taking PPIs prior to subsequent surgical treatment. Patients with severe ERD or BE had a significantly higher prevalence of distorted hiatal anatomy, a defective LES, and esophageal acid exposure. Esophageal bile exposure was significantly higher in patients with BE than those with NERD, mild ERD or severe ERD. The significant anatomical and physiological differences between patients with mild ERD and those with severe ERD are indicative of differences in the mechanical properties of the antireflux barrier. Variability in PPI dose is therefore not the only contributing factor to GERD severity, and treatment with PPIs is unlikely to prevent progression in patients with advanced abnormalities in hiatal anatomy and LES function; major antireflux surgery is usually required in such patients.
Where PPIs are ineffective, early intervention with an LES augmentation procedure may prevent progression to severe ERD, and obviate the requirement for major antireflux surgery.
The most important information gained from the aforementioned studies is that treatment with PPIs does not prevent progression to BE in a proportion of patients, and that damage to the LES is significantly more prevalent in these patients compared with those whose disease does not progress. These findings encourage the identification of individuals at risk of GERD progression through manometric evaluation of LES function and 24-h esophageal pH monitoring. These patients may be candidates for a surgical procedure to improve LES function that may, consequently, improve PPI efficacy [18] .
MEDICAL TOOLS FOR THE EVALUATION OF GERD PROGRESSION
Upper endoscopy is recommended in patients with atypical symptoms who do not respond to PPI therapy [6] . Narrow band imaging (NBI), which enhances the contrast between the esophageal mucosa and the gastric mucosa, has improved visualization of the morphology of the squamo-columnar junction (SCJ) (Figure 1 ) and been demonstrated to improve the endoscopic diagnosis of GERD. In a study of 107 patients with NERD (n = 36), ERD (n = 41) or no disease (n = 30), which compared conventional endoscopy with NBI, micro-erosions, increased vascularity, and pit patterns at the SCJ were clearly visible using NBI, but were not visible using conventional endoscopy [19] . Furthermore, NBI proved useful in distinguishing patients with NERD from healthy individuals. NBI is not expected to replace conventional endoscopy in the diagnosis of GERD; however, it can be useful for differentiating patients with NERD from patients with ERD, and for grading patients with ERD, and can therefore help to identify patients with severe disease who may be at risk of progression.
Ambulatory reflux monitoring can confirm the presence of GERD in patients with normal endoscopy and atypical symptoms [20, 21] . The primary outcome of a 24-h pH monitoring study is the acid exposure time. Wireless pH monitoring allows the extension of the study time beyond 24 h, which has been demonstrated to increase the diagnostic yield [22] ; however, wireless monitoring is expensive and therefore not widely available [21] . An alternative is pH-impedance monitoring, which is considered the gold standard [21] . This method detects all reflux (liquid, gas or mixed) regardless of acidity, and defines the direction of flow. A recent study investigated the potential of pH-impedance monitoring to predict symptomatic outcome over a 5-year period in 94 patients with GERD who were not taking PPIs. The investigators reported that phenotyping of GERD according to the strength of evidence of reflux from pH-impedance testing efficiently stratified symptomatic outcome, and could be useful in planning disease management [23] . In a study of GERD progression, patients with progressive disease had significantly increased esophageal acid exposure than those whose disease did not progress [7] . pH-impedance monitoring may therefore be useful in the identification of patients who may be at risk of progression.
Conventional water-perfused manometry and, more recently, high resolution manometry (HRM) are used to evaluate LES and esophageal body function in patients with GERD. The technical advantages of HRM include its high density of recording sites, advanced solid-state sensor technology, and sophisticated plotting algorithms, as well as its superior speed and ease of performance compared with conventional manometry [21, 24] . However, a recent study comparing conventional manometry with HRM in the assessment of the LES in 55 patients with foregut symptoms, reported no difference between the two techniques in their measurement of resting LES pressure [24] . Furthermore, LES overall and abdominal length were consistently overestimated by HRM compared with conventional manometry. Consequently, HRM could limit the detection of LES abnormalities, leading to difficulties in the identification of LES abnormalities as a cause for PPI inefficacy.
PATHOLOGY OF GERD PROGRESSION
The identification of factors associated with progression to BE and the need for surgical intervention, are key to managing those patients whose disease is progressive. This requires an understanding of the pathophysiology and pathology of GERD. Physiological and pathological studies have introduced the concept that GERD begins at the SCJ. In the absence of squamous epithelial injury, the SCJ and the gastroesophageal junction are concordant [11, 25] . As squamous epithelial injury occurs, metaplastic cardiac epithelium forms and the SCJ separates from the gastroesophageal junction and moves upwards into the esophagus. This process causes damage to the LES, resulting in greater esophageal exposure to acid and bile.
A normal LES occupies the entire abdominal esophagus and a small portion of the thoracic esophagus, and is lined with squamous epithelium. Gastric distension or postprandial non-pressurized gastric dilation causes transient effacement of the distal LES into the stomach (Figure 2 ) [25] . Effacement results in the uptake of the distal portion of the LES by the expanding fundus of the distended stomach. This results in loss of abdominal LES length and exposure of the squamous epithelium to acidic gastric juice in the acid pocket [26] . The subsequent inflammatory injury to the unprotected squamous epithelium results in metaplasia of the squamous epithelium to cardiac epithelium (Figure 1 ) [25, 27] . Indeed, Table 1 Hallmarks of gastroesophageal reflux disease in patients with and without cardiac mucosa on biopsies of the gastroesophageal junction biopsies of the SCJ from 714 symptomatic patients with GERD who were endoscopically normal showed that in an acidic environment, the acid-damaged squamous epithelium heals by forming cardiac epithelium [11] . In an additional study of 334 patients with GERD symptoms and no visible evidence of BE, biopsies of the SCJ showed cardiac epithelium in 246 patients (73.7%) [27] . When present, cardiac epithelium was significantly associated with increased esophageal acid exposure, a structurally defective LES, and erosive esophagitis (Table  1) . Strikingly, inflammation in the form of carditis was present in 237/246 patients (96%) and was associated with a significantly shorter LES, significantly lower LES pressure, and a significantly higher prevalence of a structurally defective LES than no carditis (Table  2 ) [27] . Individuals who had both carditis and esophagitis had a significantly greater prevalence of a structurally defective LES and greater esophageal acid exposure than individuals with carditis alone (Table 3 ) [27] . The presence of metaplastic cardiac mucosa at the SCJ results in the formation of a squamo-oxyntic gap between the oxyntic gastric mucosa in the proximal stomach and the remaining squamous esophageal mucosa within the LES (Figure 3 ) [28] . The length of the squamo-oxyntic gap has been shown to be directly proportional to the prevalence of intestinal metaplasia (IM) of the cardiac epithelium (i.e., the formation of goblet cells). In a study of 1655 patients with GERD, IM was observed in: 24.3% of patients with a gap shorter than 1 cm; 83.5% of patients with a gap of 1-5 cm; and 100% of those with a gap longer than 5 cm [28] . The authors proposed that the length of the squamo-oxyntic gap could be used as a cellular criterion to diagnose GERD. Furthermore, the length of the gap provides an accurate assessment of GERD severity, and IM of the cardiac epithelium within the gap is the most accurate indicator of disease progression and the risk of esophageal adenocarcinoma.
These findings strongly support the concept that GERD starts at the SCJ with acid-induced cardiac metaplasia of the injured and inflamed effaced squamous epithelium of the most distal portion of the LES. This process can result in LES damage. These initial changes are subtle and microscopic, and a patient with early GERD is likely to appear endoscopically normal. A manometric assessment of the LES, measurement of esophageal acid exposure, and biopsies at and below the SCJ are therefore required for these changes to be identified.
IDENTIFICATION OF PATIENTS RISK OF PROGRESSION TO BARRETT'S ESOPHAGUS
In the ProGERD study, 171 patients who were endo- Values are medians ± interquartile range unless otherwise stated. Data are from Oberg et al [27] . GEJ: Gastroesophageal junction; LES: Lower esophageal sphincter.
scopically normal had microscopic IM on biopsy of the SCJ before any therapy [29] . After the 4-8-wk PPI treatment phase of the study, 128 of these patients had a follow-up endoscopy and biopsy of the SCJ; all had persistent microscopic IM. With continued PPI therapy, and endoscopy and biopsy at 2 and 5 year of follow-up, endoscopically visible BE was seen in 25.8% (33/128) of patients [29] . The implication of this finding is that a biopsy showing microscopic IM at the SCJ in a patient who is endoscopically normal indicates a high risk of progression to visible BE, a precursor to esophageal cancer.
An additional population-based study in Sweden assessed the risk of esophageal cancer in 796492 adults taking maintenance PPIs for different indications in 2005-2012. Of 201744 individuals taking PPIs for GERD, 316 developed esophageal cancer. The reported standardized incidence ratio (SIR) of esophageal cancer in patients with GERD who were taking PPIs was 6.87 (95%CI: 6.13-7.67). Furthermore, the SIRs of esophageal cancer were also increased among individuals without GERD, who used PPIs for indications not associated with any increased risk of esophageal cancer (e.g., individuals taking PPIs due to maintenance treatment with non-steroidal anti-inflammatory drugs and aspirin). The authors concluded that the long-term use of PPIs is associated with increased risk of esophageal September 16, 2018|Volume 10|Issue 9| Figure 3 The histology of the squamo-oxyntic gap. A: The normal junction of the esophagus and stomach is the abutment of the proximal limit of the gastric oxyntic epithelium and the distal limit of the squamous epithelium; B: Squamo-oxyntic gap: Squamous epithelium is replaced by metaplastic cardiac mucosa resulting in loss of LES length, as shown by manometry. Images provided by Dr. Parakrama Chandrasoma. GEJ: Gastroesophageal junction; GERD: Gastroesophageal reflux disease; LES: Lower esophageal sphincter; SCJ: Squamocolumnar junction. Values are medians ± interquartile range unless otherwise stated. Data are from Oberg et al [27] . GEJ: Gastroesophageal junction; LES: Lower esophageal sphincter.
Values are medians ± interquartile range unless otherwise stated. Data are from Oberg et al [27] . LES: Lower esophageal sphincter. cancer in the absence of other risk factors [30] . Of concern is that the American College of Gastroenterology guidelines for the diagnosis and management of GERD recommend endoscopic examination only for patients who have an incomplete response to PPI treatment, and recommend routine biopsy only for those with visible evidence of a columnar-lined esophagus of more than 1 cm in length [6] . The histological and pathological features of early disease have therefore not been investigated. Contrary to these guidelines, we propose that patients who are undergoing endoscopy to investigate an incomplete response to PPI therapy, and who have no visible evidence of a columnar-lined esophagus, undergo a routine biopsy of the SCJ. We hypothesize that in a significant minority of such patients, biopsies of the SCJ will reveal the presence of microscopic IM. Based on the findings of the ProGERD study, these patients are at risk of progression to visible BE and are candidates for early preventive treatment [29] . Our hypothesis will need to be tested in the clinical setting to determine whether potentially progressive disease can be identified through routine biopsy of the SCJ in this subgroup of patients, and whether progression can be prevented through earlier intervention. In addition, the number of biopsies required, the cost-effectiveness, and the associated risk of bleeding [31] must be considered before acceptance of this proposed approach in clinical practice.
PREVENTION OF PROGRESSION
Acid suppression therapy is notably effective in patients who have a normal LES but less so in those who have a structurally defective LES [17] . Permanent structural alterations to the LES resulting from repeated effacement and chronic inflammation are difficult to correct without surgical intervention. The likelihood of symptom control and prevention of disease progression in patients with persistent symptoms on PPI therapy is greater if surgical correction of a compromised LES is carried out earlier rather than later. Nissen fundoplication has been demonstrated to prevent BE if performed before it develops, and if the fundoplication remains competent [32, 33] . A study of 15 patients with microscopic IM at the SCJ in the absence of endoscopically visible BE showed complete regression of microscopic IM in 73.7% of patients (11/15) following early fundoplication [34] . In a separate control group of 45 patients with endoscopically visible BE, only 4.4% of individuals (2/45) showed regression of BE following fundoplication [34] . Despite the ability of the fundoplication procedure to induce significant regression of microscopic IM and prevent development of visible BE, the associated complications (including, dysphagia, bloating, and the inability to burp or vomit [35] ) have discouraged the early use of this approach to prevent progressive disease.
Over the past decade, minimally invasive outpatient LES augmentation procedures have been developed [36] [37] [38] [39] .
Examples include the implantation of a collar of magnetic beads around the inferior border of the LES to prevent its effacement into the stomach [38] ; the delivery of radiofrequency to the LES to reduce LES compliance [36] ; neuromodulation of the LES through electrical stimulation to increase LES resting pressure [37] ; and incisionless partial fundoplication performed using a flexible endoscope introduced to the stomach via the mouth [39] . Clinical studies have demonstrated the efficacy of LES augmentation in eliminating reflux symptoms and healing esophagitis in patients with GERD who have an incomplete response to PPI therapy [36, 37, 39, 40] . These procedures avoid the complications associated with Nissen fundoplication, are reversible if required, and may therefore be appropriate for early surgical intervention with the goal of preventing disease progression. The effectiveness of these procedures to induce regression of microscopic IM at the SCJ and prevent progression to endoscopically visible BE and subsequent adenocarcinoma should be investigated in future clinical studies.
A proposed treatment algorithm that features early use of LES augmentation procedures to prevent GERD progression is shown in Figure 4 . The algorithm emphasizes the use of endoscopy, manometry, and esophageal pH monitoring to assess patients with an incomplete response to PPI therapy. Following endoscopy, individuals are stratified into four groups: (1) patients with visible BE; (2) those with persistent esophagitis; (3) those who are endoscopically normal but have microscopic IM of the SCJ (identified by biopsy); and (4) patients who are endoscopically normal but have metaplastic cardiac mucosa with a squamo-oxyntic mucosal gap (identified by biopsy of the SCJ). LES augmentation is recommended for patients in groups (2) and (3) following a manometric evaluation of LES function. LES augmentation for patients in group (4) is only recommended if manometric evaluation reveals a permanently damaged LES. Nissen fundoplication should be considered for patients with extensive damage to the LES after a thorough discussion of the associated complications.
CONCLUSION
It is important that patients with GERD who are at risk of progression are identified early in the course of their disease in order to prevent the development of BE or other complications. This requires the early use of endoscopy, manometry and esophageal pH monitoring in those with an incomplete response to PPI therapy. In contrast to current management guidelines, we propose routine biopsy of the SCJ in such patients if their esophageal endoscopic evaluation is normal. If microscopic IM is identified, an LES augmentation procedure should be considered with the aim of preventing disease progression to endoscopically visible BE. This proposed approach must first be tested in the clinical research setting to confirm that the encouraging results obtained with the Nissen fundoplication procedure can be reproduced with an LES augmentation procedure. (3) and (4) should undergo manometric assessment of LES function; those with a defective LES may be candidates for LES augmentation. 
